Introduction
For the purposes of heat dissipation drop wise condensation is always preferable to film wise condensation 1 . So, for heat removal applications there is always a conscious effort to make surfaces that promote drop wise condensation instead of film condensation. However, in some cases condensation can also be detrimental as it can cause corrosion of surfaces or causing short circuit in electrical surfaces. For either prevention or encouragement of dropwise condensation, it is necessary to understand the influence of surface roughness.
Prior work has shown that this type of condensation is affected by multiple considerations including the pore structure. Recently it has been shown that if the pore structure is fractal in nature it has an effect on the condensation 2 .It has also been shown that hydrophobic nano-structures in the form of pillars cause definitive drop wise condensation 3 .
Experimental Section

Materials and Sample Preparation
Polyacylonitrile (PAN, Mw=150 kDa) was obtained from Polymer Inc. N-Dimethyl formamide (DMF) anhydrous 99.8% , sulfuric acid, hydrochloric acid, copper sulfate, formaldehyde, potassium hydroxide, ammonium hydroxide, nitric acid, boracic acid, sodium hydroxide, triammonium citrate, potassium aurochlorate, and sodium sulfite were obtained from Sigma-Aldrich. Copper plates, 0.52 mm thick, obtained from McMaster-Carr were cut into 1x1 cm 2 pieces and used as substrates. The substrates were cleaned with acetone by sonication prior to use.
For preparation of Copper coated nanofiber mats a solution composed of 8wt % PAN dissolved in DMF, was electrospun on bare copper plates and then they were sensitized for electroplating as described in 4 by sputter coating with Pt-Pd to a thickness of 15nm. The nanofiber mat was coated with copper by following the protocol detailed in 4 .
Setup
The overview of the setup for the condensation experiment is shown in Fig 1a. The condensation chamber consisted of two main pieces, a copper box with dimensions (33x36x56mm) and a Teflon base. A bare copper plate was placed next to a nano-fiber covered sample on a raised platform on the Teflon base of the condensation chamber. The copper box was then placed over the Teflon base, such that the sample was in an enclosed chamber. A copper tube, bent at a 90
• angle, had one end placed in the top of a jar of boiling water the other end placed through a hole in the side of the condensation chamber. The steam from the jar of boiling water was able to travel through the tube into the condensation chamber. For the observation purposes, the lid of the copper box had a glass window through which observation were made directly using microscope figs. 1a-b. It should be mentioned that heating pads were attached to the top plate of the copper box, which were used during the experiment to heat the observation window to prevent condensation of water droplets on the window itself. The heating pads were the reason that the base was made of Teflon, its high heat coefficient helped prevent the heating up of the test samples. For a consistent light source LEDs were positioned with foil hoods directing the light to avoid glare (Fig 1c) . In order to understand the effect of a nanofiber mat on the droplet formation it is possible to look at a system of a capillary tube in water. The only force acting on the liquid in the capillary tube is the surface tension of the liquid. The force of the surface tension is given by
Where, a is the radius of the capillary tube, and σ is the surface tension (a property of water). This is equal to the force needed to displace the cylinder of water
Where m is the mass of water displaced, ρ l is the density of the liquid, V is the volume of liquid displaced, and h is the height of the liquid in the capillary tube above the regular plane of the liquid. Using the fact that the two forces given in equations (1) and (2) are equal
Now it is possible to use Bernoulli's equation to do a balance between a point level with the water level outside the capillary tube, and a point at the upper surface of the liquid within the capillary tube.
Where P is the dynamic pressure of the liquid, z is the height of the point above the regular liquid surface, and v is the velocity of the fluid at a point. Point 1 denotes the base of the liquid and point 2 denotes the top of the liquid column. Because point 1 is at the level of the liquid z 1 = 0, and because the liquid is not moving v 1 =v 2 =0, and because of how the system was setup z 2 = h. Therefore equation (4) can be simplified to.
Using the definition of dynamic pressure
Where P curve is the effective pressure of the curved surface, P plane is the effective pressure of the flat surface, and ρ v is the density of the vapor. Then, by substituting equations (3) and (6) 
It is possible to simplify this to
Using the ideal gas law
Where n is the number of moles of molecules, R is gas constant, T is temperature, and V is the volume of the gas. Also, by definition
Where,M v is the molar mass of the vapor, N A is Avogadro's number, and W is the volume of a single molecule. Substituting equations (9), (10), and (11) into equation (8)
T aR > 0, P curve > P plane . Therefore, due to the pressure difference, droplets will preferentially form of the bare copper over the curved nanofiber surface.
Results and Discussion
When the two samples are placed in close proximity the bare copper sample develops visible droplets approximately 15-30s before any visible droplets form on the copper fiber mat. Once the copper fiber mat does develop droplets they are far less numerous and grow at a faster speed, then those on the bare copper (see fig.  2 ). At 30 seconds, it is possible to see tiny droplets forming on the bare copper plate, while none are visible on the Nano fiber covered mat. At 60 seconds the droplets on the copper plate have grown larger and more numerous, while there are still no droplets visible on the nanofiber mat. At 90 seconds there are a small number of large drops on the nanofiber mat; however there are many smaller droplets visible on the copper plate. They also start merging to form films, as indicated on the figure by arrows.. The number of drops over unit area has been shown in Fig 3 and in Fig 4 the average droplet size is plotted with respect to time. It can be seen from Fig 3 that the number of droplets per unit area is much less than that of bare copper. However, from figure 4 we can see that the average size of the droplets on the nanofiber mat is larger than the average droplet size of droplets on the copper plate, whenever droplets are present on the nanofiber mat. It can be seen from Figs 3 and 4 that the experimental results match the predicted theoretical results. It shows that this type of nanofiber mat can be used to deter bigger droplets of condensates, which eventually merge to form films. This shows that these surfaces can be used to avoid condensation, which leads to corrosion. Besides, the evaporation of small water droplets from copper nanofibers mats owing to their high curvature hints towards the possibility of a higher heat flux removal, which requires further investigation. Besides further investigation needs to be done so as to investigate what happens if the experiment is done for longer times (∼ few hours to 1 day).
Conclusion
In this work it has been shown that copper nanofibers coated surface can deter the macroscopic dropwise condensation in comparison to bare surface. The results are well supported by the theoretical analysis, which shows that Kelvin effect stemming from the higher radius of 
